Background Vitamin D deficiency and insufficiency are prevalent worldwide, but relatively few studies have examined vitamin D status in working populations.
Introduction
Vitamin D deficiency is recognized as a global public health concern [1] . Serum levels of 25-hydroxyvitamin D (25(OH)D) <25-50 nmol/l are implicated in the development of rickets in children and osteomalacia in adults [2] . Human vitamin D sources include diet, supplementation, and sunlight exposure [2] . Dietary sources include oily fish and dairy products fortified with vitamin D in the USA and Canada [3] . Because sunlight exposure can be influenced by latitude, seasons, darker skin tone, clothing and other barriers [4, 5] , prevalence rates of vitamin D deficiency and insufficiency are higher in northern latitudes where sun exposure is less. For example in the USA, the prevalence of vitamin D deficiency (<25 nmol/l 25(OH) D) was reportedly 6% of total population between 2001 and 2004 [6] . More than 10% of Canadians aged 6-79 years have vitamin D levels insufficient to maintain bone health (less than 37.5 nmol/l 25(OH)D) [7] . Within the same geographical areas, groups at risk of insufficiency include institutionalized individuals, children, young adults and pregnant women [2] . Although working populations are not considered at risk, the economic consequences of poor health within them are greater [8] . Few previous health surveys or studies have explored the risk factors for deficiency in working populations, despite estimates of cost savings that would result from adequate vitamin D intake among subgroups of working ages [9] .
This study aimed to assess the prevalence of insufficiency and deficiency in a sample of Canadian workers as the first attempt to understand the prevalence of vitamin D deficiency in a working population and to examine risk factors for vitamin D deficiency or insufficiency to inform future workplace health programmes to improve employees' health and reduce productivity loss resulting from inadequate vitamin D status.
Methods
This cross-sectional study used information gathered at baseline interviews from the Pure North S'Energy (PNS) Foundation, which implemented a workplace health programme in October 2007. The initial focus was on workers in oil and gas sites in Northern Alberta, Canada, but in more recent years, the programme was extended to workers in other industries in neighbouring Canadian provinces. Participation was voluntary and free of charge. Although there were no compulsory follow-up appointments, participants were advised to attend a follow-up within 6 months. The programme is described in more detail elsewhere [10] . The programme collected data for the purpose of individual lifestyle counselling. Body height, weight and blood pressure were measured, and blood was taken to assess plasma 25(OH)D levels. Latitude was identified from participants' current addresses. Participants were asked to complete a questionnaire on lifestyle, diet and health behaviour. General health was rated as excellent, very good, good, fair or needing improvement. Physical activity was assessed through the survey questions developed by Godin and Shephard [11] to categorize individuals' activity levels into three categories: low, moderate and high [12] . Dietary information was collected through questions on the number of servings of the four Canada's Food Guide food groups [13] , as well as specific questions on fish consumption and protein sources. The use of oil and margarine (the latter is often fortified with vitamin D in Canada) [14] was also documented. The study used baseline data (first visits only) from workers recruited between October 2007 and December 2012. PNS anonymized data prior to forwarding it to the University of Alberta for analysis. Statistics Canada [7] defines vitamin D deficiency as plasma 25(OH)D levels <27.5 nmol/l and insufficiency as levels <37.5 nmol/l. Because recent studies have suggested extra-skeletal benefits, such as reduction of colorectal cancer and cardiovascular disease risk, for individuals with plasma levels >75 nmol/l [15, 16] , vitamin D status was defined in four categories: deficiency (≤27.5 nmol/l), insufficiency (≤37.5 nmol/l, bone health benefits (>37.5 nmol/l and ≤75 nmol/l) and extra-skeletal benefits (>75 nmol/l). Descriptive statistics were expressed as mean ± standard deviation. To test for differences across vitamin D status categories, we applied one-way analysis of variances for continuous variables or chi-square tests for categorical variables. The national average plasma 25(OH)D levels and prevalence rates of insufficiency and deficiency from the Canadian Health Measures Survey (CHMS) were taken as population means and proportions and compared with the results in the study using one-sample t-test or proportion test. We applied logistic regression to identify risk factors for vitamin D deficiency and insufficiency. Linear regression models were used to quantify the plasma 25(OH) D levels associated with baseline characteristics. In our analyses, we considered age, sex, sunlight exposure (summer months and latitudes), general health, body weight, physical activity, smoking and diet as potential confounders as these factors are known to affect plasma 25(OH)D levels [2, 17] . Only those independent variables significantly associated with the outcomes in univariable models were used in the multivariable models. We considered results statistically significant with P-values <0.05 (two tails). Colinearity was tested with variance inflation factor (VIF) analysis, and VIF >10 was considered problematic. All analyses were conducted using STATA version 12 (College Station, Texas). The Human Research Ethics Board of the University of Alberta had approved access to and analysis of the data for the purpose of the study.
Results
We had access to baseline data from 2007 to 2012 for 18 195 volunteers of whom 13 804 were active workers. Among 12 281 workers tested for plasma 25(OH)D levels, 6113 completed the questionnaire on demographic information, lifestyle, health behaviour and vitamin D supplement use. Twelve workers were excluded for kidney failure (estimated glomerular filtration rate <15 ml/min/1.73 m 2 ) that severely interfered with vitamin D metabolism, leaving 6101 data sets eligible for analysis. Subjects were from Alberta (n = 4793, 79%), British Columbia (811, 13%) and other Canadian provinces (497, 8%). There were 2921 (48%) male participants and 3180 (52%) female participants. The mean age was 42 ± 14 years and 24, 43 and 31% of them were younger than 30, 30 to 49 and 50 to 69, respectively, while 2% were older than 70. The mean latitude was 52.9 ± 2.8 degrees and the maximum and minimum values were 70.7 and 42.8 degrees. The mean plasma 25(OH)D level at first visit was 84 ± 42 nmol/l and ranged from 10 to 748 nmol/l. One hundred and eighty-five (3%) participants were Vitamin D deficient, and 489 (8%) had insufficient Vitamin D (including deficiency). A total of 2412 (40%) had Vitamin D levels adequate for bone health, and 3205 (53%) had levels adequate for extra-skeletal health. Among the latter, five had levels higher than 375 nmol/l. Compared with the statistics from the CHMS, the mean 25(OH)D level in this study sample was higher than the average of 66.5 nmol/l for Canadians in the age range of 40-59 between 2007 and 2009 (t = 32.37, P < 0.001). The prevalence rates of deficiency and insufficiency in our sample were lower than those of 4 and 11% found in CHMS participants aged between 40 and 59 (z = −2.72 and −4.89, respectively, P < 0.01 for both) [7] . Table 1 presents baseline characteristics of subjects by vitamin D categories. Subjects in the four categories were different in all characteristics listed. Vitamin D deficient individuals were more likely to live at higher latitudes, to have enrolled in the programme in months of less sunlight exposure (November to March) and to have a higher body mass index (P < 0.05 for all). Smoking was more prevalent among deficient individuals, and levels of physical activity, numbers of servings of milk (per day) or fish (per week) and the frequency of margarine consumption were also significantly different between these four groups.
Tables 2 and 3 present univariable and multivariable associations between workers' baseline characteristics and the likelihood of vitamin D insufficiency and deficiency, respectively. There were no characteristics associated with VIF greater than 10 in these two logit and linear regression models. Supplementation use, age, enrolment in summer months and moderate physical activity were associated with lower likelihood of vitamin D insufficiency or deficiency. Milk consumption was related to a lower likelihood of insufficiency only after controlling for other characteristics. Male sex, residing at northern latitudes, obesity, smoking and being in the poorest category of general health were associated with a higher likelihood of vitamin D insufficiency (P < 0.05 for all). Table 4 presents associations of baseline characteristics and plasma 25(OH)D levels. Supplementation use, age, assessment in summer months and physical activity were correlated with higher plasma levels, while being overweight or obese, having general health poorer than 'very good', smoking and margarine use frequency were negatively associated with 25(OH)D levels. Milk and fish consumption were not statistically significant factors after controlling for other characteristics in the multivariable model.
Discussion
In this sample of workers, 3 and 8% of subjects were vitamin D deficient and insufficient, respectively. Use of vitamin D supplementation use was associated with the largest reduction in the likelihood of deficiency or insufficiency. Baseline characteristics, including age, gender, latitude of residence, season at the time of assessment, physical activity and self-assessed general health were associated not only with the likelihood of deficiency or insufficiency but also with plasma 25(OH)D levels. Plasma 25(OH)D levels were positively associated with these characteristics and negatively associated with being overweight or obese, smoking and frequency of margarine use, although these factors were not significant in models predicting deficiency risks.
This study has several strengths. Firstly, it used an objective measure of vitamin D status (plasma 25(OH) D) and was executed in a large sample of workers considered at risk in view of the northern latitude of their work sites. It is also the first attempt to directly analyse the risks of deficiency or insufficiency in Canadian workers. Additionally, the study helps to estimate the importance of a number of factors in relation to vitamin D inadequacy. Although use of vitamin D supplementation was associated with the greatest reduction in the risk of deficiency or insufficiency, dietary sources of vitamin D, especially milk and oily fish [2] , did not have a significant impact after controlling for other factors. It is possible that foods rich in vitamin D are for some reason less important to Canadian workers than to the general Canadian population, in which they have been found to be effective in reducing the risks of deficiency and insufficiency (14) .
The absence of an association between fortified food consumption and deficiency could be due to two of the weaknesses of this study [1] : the lack of standardized food frequency measures [18] and imprecise definition of fish in the questionnaires and [2] self-selection and self-reporting bias by the respondents. Regarding the first weakness, participants, mostly Albertan, reported an average fish consumption of 128 g/week. This is less than the mean fish consumption in Canada (140 g/ week) [19] . Subjects' reported average milk consumption (485 ml/day) was more than the average reported in Alberta (245 ml/day in 2011) or in Canada (216 ml/ day in 2011) [20] . It is possible that this working population consumed less fish and more milk than the national average because seafood needs to be transported for long distances whereas dairy products are readily available in Alberta. However, we are unsure about the extent of self-selection by those with specific diet habits and bias due to self-reporting. Another limitation is that the importance of other significant determinants of vitamin D levels besides dietary sources (i.e. skin synthesis and vitamin D metabolism) were not directly assessed. Skin synthesis accounts for 80-90% of vitamin D supply and is influenced by exposure time and skin area exposed to sunlight [21] . The importance of skin synthesis was indirectly evaluated by considering whether baseline assessments had occurred in summer months (April-October) and subjects' latitudes of residence. These proxy measures showed sunlight exposure might be related to better vitamin D status. The process of transforming vitamin D into its active forms involves the liver and kidneys, and active molecules are distributed to all tissues [21] . There were insufficient subjects with liver or kidney disorders for separate analysis, and they were therefore excluded. Obesity, which is closely related to vitamin D distribution volume [22] , was significantly associated only with plasma 25(OH)D levels and risks of vitamin D insufficiency. The reduction in vitamin D bioavailability due to obesity [23] might not play an important role in deficiency risks.
Other characteristics associated with vitamin D metabolism include ageing and physical activity. Although there is biological evidence that ageing decreases the capacity of the human skin to produce vitamin D [24] , age was positively associated with plasma 25(OH)D levels and a lower likelihood of deficiency or insufficiency. The beneficial effect of older age was also observed in other studies [25] . Correlates of age, such as having more time for sunlight exposure and being more receptive to health promotion messages, may have contributed to these observations [25] .
We observed an important correlation between physical activity (moderate levels compared with low) and vitamin D adequacy, which is consistent with observations in both cross-sectional and prospective studies [26] . This relationship may be due to the strong association between physical activity and obesity, which decreases the bioavailability of vitamin D [2, 23] . Other studies have suggested that physical activity helps to maintain vitamin D physiologically [27] and that exercise is often correlated with sunlight exposure, which in turn contributes to higher plasma 25(OH)D concentrations [28, 29] . However, we did not find higher levels of physical activity to be significantly associated with vitamin D adequacy, which might be because of limited numbers of subjects with high levels of activity.
A further weakness of this study relates to its nature. Because it involved information gathered in a workplace health programme, the socioeconomic status of the employees was considered to be homogenous, and no questions concerning individual income, wealth, education, job status, race and ethnicity or family composition were asked, although these factors are important associates of 25(OH)D serum levels [6, 7] .
In conclusion, vitamin D deficiency and insufficiency were sufficiently prevalent to be a source of concern among this sample of Canadian workers. Vitamin D supplementation was the modifiable risk factor with the strongest association with 25(OH)D levels. Others have recommended vitamin D supplementation as an effect ive means to reduce the burden of vitamin D deficiency and insufficiency [2, 17] , and our results suggest that this conclusion is also applicable to our study population of workers at high northern latitudes.
